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REDUCING CRACKING ADJACENT SHELL 
FLANGE CONNECTING BOLTS 

BACKGROUND OF THE INVENTION 

The present invention relates to bolted, ?anged joints for 
joining together shell sections to provide a tubular casing. 
More particularly, the present invention relates to an article 
and a method for reducing the incidence of stress-induced 
cracking in aircraft gas turbine engine casing ?ange joints 
adjacent bolt holes in the abutting ?anges. 

Tubular casings are often assembled by bolting together 
?anges carried at edges of plates or shells that When con 
nected at their respective ?anges de?ne the casing. Such 
tubular casings are utiliZed to surround and enclose the 
principal components of aircraft gas turbine engines, 
Wherein relatively thin-Walled shell sections are connected 
together at ?anged joints to de?ne the engine outer casing. 
OutWardly-eXtending ?anges are provided at edges of the 
shell sections, and the sections are joined together at their 
respective abutting ?anges by ?ange bolts that pass through 
a plurality of respective aligned bolt holes provided in the 
?anges. 

Aircraft gas turbine engine outer casings include several 
shell sections that are joined together, and consequently they 
include a number of ?anged casing joints. Each ?anged joint 
contributes to the overall Weight of the engine because of the 
double thickness of the ?ange material, the presence of ?llet 
radii at the intersections of the ?anges and the casing outer 
surface, and the several connecting bolts at each such 
?anged joint. And because the minimization of engine 
Weight consistent With ?ight safety is a continual goal of 
aircraft engine designers, making the ?anges thinner and 
reducing the radial length of the ?anges can contribute to the 
reduction of engine Weight. 

There are, hoWever, practical, material-strength-related 
limits to ?ange thickness reduction that need to be observed 
in order to maintain a strong ?anged joint. And for a given 
?ange material and a given ?ange thickness, reduction of the 
radial lengths of abutting ?anges is limited by the bolt hole 
siZe, because ?ange material is necessary beyond the perim 
eter of the bolt holes to maintain the strength of the ?anged 
joint. In that regard, attempted engine Weight reduction by 
reducing the radial eXtent of the ?ange outer periphery by 
moving the ?ange bolt holes closer to the casing outer 
surface is limited. The siZe of the connecting bolt head, nut, 
and Washer or spacer, if any, and also the siZe of the ?llet 
radius at the junction of the ?ange and the outer casing 
surface serve to limit the innermost positions of the bolt hole 
centers. In that regard, When the bolt holes are close to the 
?llet radii the outer edges of the bolt heads and the outer 
edges of the nuts or Washers bear against the ?anges at 
points immediately adjacent the ?llet radii, thereby causing 
stress concentrations at those points When the ?anged joint 
is subjected to the normal loads to Which an engine outer 
casing is subjected during engine and aircraft operation. 
Those loads are predominantly tensile loads and bending 
loads that can cause stress-induced surface cracks to appear 
at the radially innermost contact area betWeen the bolt heads 
and Washers and the adjacent shell structure, Where such 
stress concentrations can occur. Any such surface cracks that 
are initiated can then propagate Within the shell material, and 
dependent upon the bolt hole spacing, they might also 
propagate from one bolt hole to the neXt adjoining bolt hole, 
to adversely affect the structural integrity of the outer casing 
itself. 
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2 
It is therefore desirable to provide a Way to minimiZe the 

propensity for stress-induced cracking of portions- of a shell 
structure adjacent to end ?anges that are connected With 
?anges of adjacent shell structures by a series of connecting 
bolts. 

BRIEF SUMMARY OF THE INVENTION 

Brie?y stated, in accordance With one aspect of the 
present invention, a ?anged joint connection is provided for 
securing together casing components to de?ne a tubular 
casing having a longitudinal aXis. The adjacent casing 
components each have respective abutting ?anges With 
aligned openings eXtending through the ?anges, and the 
?anges include a ?llet at the junction of each ?ange and the 
outer surface of the respective casing component. The 
connection arrangement includes a bolt having a bolt head 
and an externally threaded bolt body that eXtends from the 
bolt head. The bolt head is in surface contact With an 
outWardly-facing, radially-extending surface of a ?rst 
?ange, and the bolt body extends through the aligned 
openings and outWardly beyond an outWardly-facing, 
radially-extending surface of a second ?ange that is in 
abutting relationship With the ?rst ?ange. Anut is threadedly 
engaged With the threaded bolt body adjacent the outWardly 
facing, radially eXtending surface of the second ?ange, and 
a spacer is positioned betWeen and in surface contact With 
each of the nut and the outWardly-facing, radially-extending 
surface of the second ?ange. The spacer includes a substan 
tially rectilinear edge portion positioned adjacent the ?ange 
?llet of the second ?ange and in substantially tangential 
relationship With an imaginary circle having its center 
coincident With the longitudinal aXis of the tubular casing, 
for linearly distributing bearing surface stresses that result in 
the casing ?ange When the nut is tightened against the 
spacer. 

In accordance With another aspect of the present 
invention, a method is provided for reducing stress-induced 
cracking in a bolted ?ange connection adjacent a bolt hole 
in a ?ange that eXtends outWardly from a tubular casing. The 
method includes providing a Washer having a substantially 
rectilinear ?at on its periphery, and orienting the Washer so 
that the rectilinear ?at is adjacent a ?llet at the junction of 
a ?ange and an outer surface of the casing. The Washer 
rectilinear ?at is positioned so it is substantially tangent to 
an imaginary circle having its center lying on a longitudinal 
aXis of the casing. The bolt is tightened to urge the Washer 
against the ?ange for substantially line contact betWeen the 
Washer rectilinear ?at and the ?ange. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The structure, operation, and advantages of the present 
invention Will become further apparent upon consideration 
of the folloWing description, taken in conjunction With the 
accompanying draWings, in Which: 

FIG.1 is a longitudinal, cross-sectional vieW of an aircraft 
gas turbine engine including an outer casing de?ned by a 
plurality of shell sections having ?anges that are bolted 
together. 

FIG.2 is an enlarged, fragmentary perspective vieW shoW 
ing ?anged joint connections at a portion of the outer casing 
of the engine shoWn in FIG. 1 
FIGS is an enlarged, fragmentary, cross-sectional vieW of 

a prior art ?anged joint connection. 
FIG. 4 is a fragmentary vieW of a portion of a ?ange 

shoWing one form of stress-induced cracking of an engine 
casing ?ange. 
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FIG. 5 a fragmentary vieW similar to that of FIG. 4 and 
showing another form induced cracking of an engine casing 
?ange. 

FIG. 6 is an enlarged, fragmentary, cross-sectional vieW 
similar to that of FIG. 3 but showing a ?anged joint 
connection that is an embodiment of the present invention. 

FIG. 7 is a cross-sectional vieW taken along the line 7—7 
of FIG. 6. 

FIG. 8 is a cross-sectional vieW taken along the line 8—8 
of FIG. 6. 

FIG. 9 is an enlarged, perspective vieW of one form of 
Washer that embodies he present invention. 

FIG. 10 is an enlarged, perspective vieW of another form 
of Washer that embodies the present invention. 

FIG. 11 is an enlarged, perspective vieW of a nut and 
integral Washer that embodies the present invention. 

FIG. 12 is an enlarged, perspective vieW of a bolt and 
integral Washer that embodies the present invention. 

FIG. 13 is an enlarged, perspective vieW of another form 
of bolt and Washer that embodies the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to the draWings, and particularly to FIG. 1 
thereof, there is shoWn a longitudinal cross-sectional vieW of 
an aircraft gas turbine engine 10 that is surrounded by an 
annular outer casing 12 that encloses the several components 
of the engine. Engine 10 has a longitudinal aXis 13, about 
Which the several rotating components of the engine rotate. 
An air inlet 14 is provided into Which air is draWn to enter 
a fan section 16 Within Which the pressure and the velocity 
of the inlet air are increased. Fan section 16 includes a 
single-stage fan 17 that is enclosed by a fan casing 18. Fan 
outlet air that leaves fan 17 passes an annular divider 19 that 
divides the fan outlet air into a bypass air?oW stream 20 and 
a core air?oW stream 21. Bypass air?oW stream 20 ?oWs 
through an annular bypass duct 22, and core air?oW stream 
21 ?oWs into a pressure booster section 23. From pressure 
booster section 23 core air?oW stream 21 ?oWs to a core 
engine 24 that includes an annular inlet 26. 

Core engine 24 includes an aXial-?oW compressor 28 that 
is positioned doWnstream of inlet 26 and serves to further 
increase the pressure of the air that enters core engine 24. 
High-pressure air leaves compressor 28 and enters an annu 
lar combustion chamber 30 into Which fuel is injected from 
a source of fuel (not shoWn) through respective 
circumferentially-spaced fuel noZZles 32 and is ignited to 
increase the temperature of, and thereby to add energy to, the 
pressuriZed air that leaves compressor 28. The high tem 
perature combustion products pass from combustion cham 
ber 30 to drive a ?rst, high-pressure turbine 34 that is 
drivingly connected With and that rotates compressor 28, 
and then pass to a second, loW-pressure turbine 36 that is 
drivingly connected With and that rotates fan 17 and pressure 
booster 23. The combustion products that leave loW 
pressure turbine 36 ?oW through an eXhaust noZZle 40 to 
provide a portion of the propulsive thrust, While another 
portion of the total thrust of engine 10 is provided by bypass 
air?oW stream 20. 

Surrounding each of the sequentially-positioned major 
components of engine 10 that are identi?ed above are 
respective annular casing sections. Thus, engine 10 includes 
fan casing 18 and core engine casing 12. Core engine 24 
includes, in sequence, a compressor outer casing 48, a 
combustor outer casing 50, and a turbine outer casing 52. 
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The respective casing sections of engine 10 are generally 
de?ned by interconnected curved plates or annular shells 
that include circumferential and longitudinal end ?anges to 
permit the respective adjoining curved plates and shells to be 
securely connected together. 

FIG. 2 shoWs a portion of compressor casing 48 and of 
combustor casing 50. Compressor casing 48 includes a pair 
of semi-cylindrical shells 56, 58 that include circumferential 
end ?anges 60, 62 and longitudinal edge ?anges 64, 66. 
Combustor casing 50 is shoWn as an annular structure in the 
form of a ring 68, but it can instead be provided in the form 
of a pair of semi-cylindrical shells, if desired. Casing 50 
includes a plurality of circumferentially-spaced bosses 70 
having throughbores 72 for receiving respective fuel injec 
tion noZZles (not shoWn). End ?anges 60 and 62 and edge 
?anges 64 and 66 of compressor casing 48, and also end 
?anges 74 and 76 of combustor casing 50 each include a 
plurality of equally-spaced, circumferentially-disposed 
throughbores 78 and 80 (only throughbores 80 are visible in 
FIG. 2), respectively, for receiving connecting bolts (not 
shoWn) for securely connecting together casings 48 and 50. 
A conventional, prior art bolted ?ange connection is 

shoWn in FIG. 3, Which is an enlarged, cross-sectional vieW 
of the ?anged connection betWeen compressor casing 48 and 
combustor casing 50. Casing Wall 56 includes outWardly 
extending radial ?ange 60, Which de?nes What is sometimes 
referred to as a lever ?ange. Flange 60 includes a through 
bore 78 for receiving the threaded body 82 of a connecting 
bolt 84, Which includes a bolt head 86 having an annular 
bearing face 88 that is in tight contacting engagement With 
?ange outer surface 90 When bolt 84 is tightened. Similarly, 
adjacent casing Wall 68 includes outWardly-eXtending radial 
?ange 74 that has throughbore 80 for receiving body 82 of 
bolt 84. Outer end 92 of bolt 84 carries nut 94 and annular 
spacer 96 so that When bolt 84 and nut 94 are tightened 
annular end surface 98 of spacer 96 is in tight, contacting 
relationship With ?ange outer surface 100 of ?ange 74. A 
concavely-curved ?llet 102 eXtends betWeen outer surface 
90 of ?ange 60 and the adjacent outer surface 104 of casing 
56, and a similar concavely-curved ?llet 106 eXtends 
betWeen outer surface 100 of ?ange 74 and the adjacent 
outer surface 108 of casing 68. 
As shoWn in FIG. 3, the bolt hole de?ned by aligned 

throughbores 78 and 80 has its longitudinal aXis spaced from 
casing outer surfaces 104 and 108 a distance suf?cient to 
alloW the radially loWermost edges of each of annular 
bearings faces 88 and 98 to lie on a planar ?at portion of the 
respective ?ange surfaces and spaced from ?llets 102 and 
106. Accordingly, the bearing stresses imposed on the 
respective ?ange faces 90 and 100 are initially substantially 
uniformly distributed. 
When the engine is installed in an aircraft and the aircraft 

is performing normal maneuvers Within its ?ight operating 
envelope the engine casing is subjected to various types of 
loads. Each of the casings is ?rst a pressure-containing shell, 
but it is also subjected to aXial tensile stresses, to thermally 
induced stresses, to torsional stresses, and to bending 
stresses, among others. Because of those several stresses, 
and because of their generally cyclical nature over time, 
cracks can appear at the casing joints. EXamples of the 
locations of such cracks are shoWn in FIGS. 4 and 5. FIG. 
4 shoWs circumferential cracks 110 that can appear in ?ange 
74 adjacent the radially innermost edge, relative to the 
engine longitudinal aXis, of a bearing surface 81 against 
Which a bolt head or a spacer bears When a connecting bolt 
(not shoWn) is tightened against ?ange face 100. Cracks 110 
occur adjacent ?llet 106 that is provided at the intersection 
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of ?ange face 100 and casing outer surface 108. If the 
loading on the ?anges is maintained for a suf?ciently long 
period of time, or if the loads increase for some reason, the 
initial circumferential cracks shoWn in FIG. 4 can propagate 
circumferentially and ultimately join together to form a 
substantially continuous crack 112 as shoWn in FIG. 5. 
Crack 112 extends substantially parallel to ?llet 106 and is 
immediately adjacent the radially innermost edges of respec 
tive bearing surfaces 81, and it substantially diminishes the 
integrity of the casing at the area Within Which such exten 
sive cracking occurs. Without intending to be limited to only 
one possible explanation, it is theoriZed that a likely cause 
of such circumferential cracks is the combined stresses 
adjacent the ?ange ?llet at a point beneath the radially 
innermost edges, relative to the casing longitudinal axis, of 
the bearing surface of an overlying bolt head face or an 
overlying spacer face. 

One Way to reduce the Weight of material that is included 
in engine casing ?anges is to shift the centerline of the 
connecting-bolt hole radially inWardly, closer to the casing 
surfaces, to alloW the radius of the ?ange periphery to be 
reduced. Doing so, hoWever, increases the tendency for the 
radially innermost edges of the bolt head and of the spacer, 
relative to the casing longitudinal axis, coming into contact 
With the surface of the adjacent ?llet. And that contact is 
essentially point contact, Which results in a stress concen 
tration that leads to higher stresses at that point, thereby 
leading to possible ?ange cracks over time. 

To reduce the likelihood of such ?ange cracking, a bolted 
connection having the connecting bolt elements con?gured 
as shoWn in FIGS. 6 through 8 provides substantially line 
contact adjacent the ?ange ?llet. As shoWn in those ?gures, 
each of bolt head 118 and spacer 120 includes a rectilinear 
edge 114, 116, respectively, along their periphery, and the 
respective rectilinear edges are so oriented that they lie 
adjacent to ?llets 102 and 106. Preferably, rectilinear edges 
114, 116 are so disposed relative to their respective casing 
outer surfaces that they are substantially tangent to respec 
tive imaginary circles having their centers coincident With 
the casing longitudinal axis. 

In addition to having respective rectilinear edges, bolt 
head 118 and spacer 120 also have respective convexly 
curved ends 122, 124 that extend from the ?ange-contacting 
faces 126, 128 thereof to rectilinear edges 114, 116, respec 
tively. The convexly-curved ends aid in avoiding point 
contact-related stress concentrations by spreading any con 
tact forces linearly along the ?ange faces, thereby reducing 
the concentration of stress. In that regard, convexly-curved 
ends 122 and 124 can be de?ned by circular arcs that can 
have a radius of curvature that ranges from about 1.27 mm. 
to about 7.62 mm., preferably from about 2.54 mm. to about 
3.05 mm. Most preferably the radii of curvature of 
convexly-curved edges 122 and 124 are substantially equal 
to the radii of the adjacent ?ange ?llets so that any contact 
therebetWeen is contact over an area, rather than rectilinear 
contact, Which tends even further to reduce the stress con 
centration. 

The provision of the rectilinear edges and adjacent curved 
ends can be implemented on different elements of a con 
necting bolt assembly, as shoWn in FIGS. 9 through 13. 
Thus, a rectangular spacer 130 can be provided having 
opposed pairs of rectilinear edges 132, 134 and correspond 
ing curved ends 136, 138 as shoWn in FIG. 9. When 
rectilinear edges 132 and 134 are equal in length, as shoWn 
in FIG. 10, to provide a square spacer 144, the spacer can be 
oriented so that any one of the four rectilinear edges is 
disposed adjacent the ?ange ?llet. 
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6 
FIG. 11 shoWs an embodiment including a spacer having 

the structure illustrated in FIG. 9 that is integral With 
connecting nut 140. The spacer has an internal thread 142 
that has the same diameter and pitch as that of the internal 
thread carried by the nut. Alternatively, the spacer can be 
provided as a separate element that is suitably rigidly 
secured, such as by Welding, or the like, to the bearing 
surface of nut 140. 

FIG. 12 shoWs an embodiment in Which a spacer 130 
having the structure illustrated in FIG. 9 is integral With a 
bolt head 146 of a connecting bolt 148. Alternatively, spacer 
130 can be provided as a separate element that is suitably 
rigidly secured, such as by Welding, or the like, to the 
bearing surface of bolt head 146. 

FIG. 13 shoWs an embodiment including a spacer 130 
having the structure illustrated in FIG. 9 and including a 
threaded throughbore 152 that is loosely carried on an 
unthreaded shank portion 154 of a bolt 156. Threaded 
throughbore 152 has the same thread pitch and thread 
diameter as that of bolt thread 158 so it can be threadedly 
received by bolt 156 and loosely retained on shank portion 
154, to simplify maintenance operations involving connec 
tion or separation of the ?anges because the spacer is carried 
by the bolt. 
As Will be appreciated by those skilled in the art, although 

reference has been made herein to curved shell sections, and 
although curved shell sections having curvilinear ?anges 
have been illustrated and described, the present invention is 
also applicable to ?anged joints de?ned by rectilinear 
?anges that are carried by substantially ?at plates. 
Additionally, the present invention is also applicable to 
curved plates having rectilinear ?anges, such as compressor 
casing shells 56 and 58 shoWn in FIG. 2. 

Although particular embodiments of the present invention 
have been illustrated and described, it Will be apparent to 
those skilled in the art that various changes and modi?ca 
tions can be made Without departing from the spirit of the 
present invention. Accordingly, it is intended to encompass 
Within the appended claims all such changes and modi?ca 
tions that fall Within the scope of the present invention. 
What is claimed is: 
1. A ?anged joint connection comprising: 
a. a pair of ?rst and second abutting end ?anges carried by 

respective ones of a pair of ?anged casing sections, the 
?anges each having a plurality of spaced, aligned 
openings extending therethrough and a ?llet at a junc 
tion of the ?ange and an adjacent surface of the casing 
section; 

b. a bolt having a bolt head and an externally threaded bolt 
body extending from the bolt head, Wherein the bolt 
head is in surface contact With a ?rst ?ange surface that 
extends transversely relative to a casing surface of a 
?rst casing component and Wherein the bolt body 
extends through the aligned openings and outWardly 
beyond a ?ange surface that extends transversely rela 
tive to a casing surface of a second casing component; 

c. a nut threadedly engaged With the threaded bolt body 
adjacent the transversely-extending ?ange surface of 
the second ?ange; and 

d. a spacer positioned betWeen and in surface contact With 
each of the nut and the transversely-extending ?ange 
surface of the second ?ange, the spacer having an 
opening therethrough for receiving the bolt body and 
including a substantially rectilinear outer edge portion 
positioned adjacent the ?ange ?llet of the second ?ange 
and in substantially tangential relationship With an 
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imaginary circle having its center coincident With the 
longitudinal axis of the casing sections, for rectilinearly 
distributing over a greater part of the second ?ange 
stresses that are induced in the casing second ?ange 
When the nut is tightened against the spacer. 

2. A ?anged joint connection in accordance With claim 1, 
Wherein the rectilinear edge portion of the spacer includes a 
convexly-curved edge surface adjacent to and facing the 
?llet of the second ?ange. 

3. A ?anged joint connection in accordance With claim 2, 
Wherein the spacer is in the form of an annular disk. 

4. A ?anged joint connection in accordance With claim 2, 
Wherein the edge surface is of substantially circular form. 

5. A ?anged joint connection in accordance With claim 1, 
Wherein the spacer is of substantially rectangular conforma 
tion. 

6. A ?anged joint connection in accordance With claim 5, 
Wherein the spacer is of square conformation. 

7. A ?anged joint connection in accordance With claim 1, 
Wherein the bolt head includes a substantially rectilinear 
edge portion positioned adjacent the ?ange ?llet of the ?rst 
?ange and in substantially tangential relationship With an 
imaginary circle having its center coincident With the lon 
gitudinal axis of the tubular casing. 

8. A ?anged joint connection in accordance With claim 7, 
Wherein the rectilinear edge portion of the bolt head includes 
a convexly-curved edge surface adjacent to and facing the 
?llet of the ?rst ?ange. 

9. A ?anged joint connection in accordance With claim 1, 
including a second spacer positioned betWeen and in surface 
contact With the bolt head and the outWardly-facing, 
radially-extending surface of the ?rst ?ange, the second 
spacer including a substantially rectilinear edge portion 
positioned adjacent the ?ange ?llet of the ?rst ?ange and in 
substantially tangential relationship With an imaginary circle 
having its center coincident With the longitudinal axis of the 
tubular casing for distributing over a greater part of the outer 
radial surface of ?rst ?ange stresses that are induced in the 
casing ?rst ?ange When the bolt and nut are tightened against 
the respective spacers. 

10. A?anged joint connection in accordance With claim 9, 
Wherein the rectilinear edge portion of the second spacer 
includes a convexly-curved surface adjacent to and facing 
the ?llet of the ?rst ?ange. 

11. A?anged joint connection in accordance With claim 9, 
Wherein the bolt body thread commences at an axial position 
along the bolt body that is spaced from the bolt head, and the 
second spacer includes an opening having an internal thread 
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that is engageable With the external thread of the bolt body 
for retaining the second spacer on the bolt body at a position 
betWeen the bolt head and the bolt body thread commence 
ment position. 

12. A?anged joint connection in accordance With claim 2, 
Wherein the convexly-curved edge surface is de?ned by a 
circular arc that has a radius of from about 2.54 mm to about 
7.62 mm. 

13. A?anged joint connection in accordance With claim 2, 
Wherein the ?llet of the second ?ange has a concavely 
curved outer surface and the spacer curved edge surface has 
a curvature that corresponds substantially With the curvature 
of the concavely-curved outer ?llet surface at the second 
?ange. 

14. A?anged joint connection in accordance With claim 8, 
Wherein the convexly-curved edge surface is de?ned by at 
least one circular arc. 

15. A?anged joint connection in accordance With claim 8, 
Wherein the convexly-curved edge surface is de?ned by a 
circular arc that has a radius of from about 2.54 mm to-about 
7.62 mm. 

16. A?anged joint connection in accordance With claim 9, 
Wherein the ?llet at the ?rst ?ange has a concavely-curved 
outer surface and the curved edge surface of the second 
spacer has a curvature that corresponds substantially With 
the curvature of the concavely-curved outer surface of the 
?llet at the ?rst ?ange. 

17. A method for reducing stress-induced cracking adja 
cent a connecting bolt in a bolted ?ange connection adjacent 
a bolt hole in a ?ange extending transversely from the outer 
surface of a tubular casing, said method comprising: 

a. providing a spacer having a substantially rectilinear 
peripheral edge portion; 

b. orienting the spacer so the rectilinear edge portion is 
adjacent a ?llet at a junction of a ?ange and an outer 
surface of the tubular casing; 

c. positioning the spacer rectilinear edge portion so it is 
substantially tangent to an imaginary circle having its 
center lying on a longitudinally-extending axis Within 
the casing; and 

d. tightening a bolt that passes through the spacer to urge 
the spacer against a ?ange radial surface to distribute 
over a greater portion of the ?ange surface bearing 
stresses that are induced in the ?ange surface as a result 
of tightening the bolt so that the spacer bears against the 
?ange radial surface. 

* * * * * 


